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Abstract
Traces of 2-3 Myr old 60Fe were recently discovered in a manganese crust and in lunar samples.
We have found that this signal is extended in time and is present in globally distributed deep-sea
archives. A second 6.5-8.7 Myr old signature was revealed in a manganese crust. The existence of
the Local Bubble hints to a recent nearby supernova-activity starting 13 Myr ago. With analytical
and numerical models generating the Local Bubble, we explain the younger 60Fe-signature and thus
link the evolution of the solar neighborhood to terrestrial anomalies.
Keywords: 26Al, 60Fe, accelerator mass spectrometry, deep-sea samples, interstellar medium, Local
Bubble, supernova
1 Introduction
Massive stars produce and eject long-lived radionuclides – unstable isotopes with half-lives in the order
of million years or higher. Amongst these 26Al (t1/2=0.7 Myr) and 60Fe (t1/2=2.6 Myr) are of particular
interest as they have been detected directly in the interstellar medium via γ-ray observations pointing
to recent nucleosynthesis in our galaxy [1]. Live 60Fe was also discovered in deep-sea ferromanganese
crusts from the Pacific Ocean [2, 3], very slow-growing (mm Myr−1) archives that maintain time infor-
mation. A significant 60Fe-signal was detected [3] in a layer containing the time-period of 1.7-2.6 Myr
which was later confirmed in the same crust [4]. The primordial 60Fe nuclei have decayed long ago
and there are no natural sources producing 60Fe in-situ on Earth. Its detection can be associated with
∗feige@astro.physik.tu-berlin.de
1
ar
X
iv
:1
61
1.
01
43
1v
1 
 [a
str
o-
ph
.E
P]
  4
 N
ov
 20
16
recent cosmic events, such as nearby supernova explosions. These events should leave a global trace.
A study of a deep-sea sediment from the Atlantic Ocean, however, showed no evidence of an intense
signal comparable to the 60Fe-peak in the Pacific ferromanganese crust [4]. The sediment accumulation
rate of 3 cm kyr−1 was four orders of magnitude higher than the growth rate of the crust, leading to a
much better time resolution. But the proportionately higher amount of stable iron might have diluted the
concentration of 60Fe to amounts close to the detection limit. Thus, the questions whether 60Fe was dis-
tributed globally and how long the Earth was subject to the 60Fe flux, i.e. the signal’s extension in time,
still remained unanswered. Here, we summarize recently published results on the worldwide detection
of 60Fe [5] and its link to the formation of the Local Superbubble (LB) [6].
2 Global traces of 60Fe
We analyzed samples from three major oceans: four deep-sea sediments from the Indian Ocean, two
manganese crusts from the Pacific and two manganese nodules from the South Atlantic Ocean [5]. Of
the slow-accumulating sediments (3-4 mm kyr−1) 3 g each of 85 samples were prepared chemically [7],
of which about 50 targets (a few mg of Fe2O3 each) were measured, complemented by 31 crust and 8
nodule samples. The cosmogenic nuclide 10Be was extracted from the samples and used for dating; the
sediments and nodules were independently analyzed for 26Al. The concentrations of 60Fe in all deep-
sea archives were determined with accelerator mass spectrometry (AMS) at the Heavy Ion Accelerator
Facility (HIAF) at the ANU in Canberra, Australia (Fig. 1).
★★★★
★★★★
★ ★■
■■ ■ ■ ■
Sediments (Indian Ocean)
Crust 1 (Pacific)
Crust 2 (Pacific)
★●■
0 2 4 6 8 10
0
1
2
3
4
5
6
7
time period (Myr)
60
Fe
/Fe(
10
-15
at
s/ats
)
Figure 1: Decay-corrected 60Fe/Fe versus time [5]. The sediment data is shown as 200 kyr averages. Two dis-
tinct 60Fe-peaks were detected in the time-ranges of ∼1.5-3.5 Myr and 6.5-8.7 Myr in the deep-sea archives. The
absolute uncertainties for the age of the samples is between 0.1 Myr (sediments) and up to 0.5 Myr (Crust 2), the
measured 60Fe/Fe background is (4.2±1.5)×10−17.
As discussed previously [5], traces of 60Fe were present in the full time period covered by the deep-
sea sediment of 1.7-3.2 Myr with the exception of younger surface samples (present age) and older sam-
ples (∼5 Myr). The signal could also be verified in the two manganese nodules covering a time range
up to 5.4 Myr and in the two manganese crusts (Fig. 1). Interestingly, a second, older 60Fe-signal was
revealed in one of the manganese crusts. With an age of 6.5-8.7 Myr corresponding to a 5 mm thick
crustal layer this event coincides with a 3He-peak detected in sediments that may be associated with an
asteroidal breakup-event [8]. This new data demonstrates a worldwide 60Fe-presence at approximately
2-3 Myr, which has been also confirmed in magnetotactic bacteria from Pacific deep-sea sediments [9].
With the iron-isotope being detected in lunar samples [10], another solar system body showed traces of
recent 60Fe-deposition.
The origin of the signal has been heavily debated. Micrometeorites were suggested as a possible
source of enhanced 60Fe-flux [11], however, the amount of 60Fe in the samples is less compatible with
the Ni concentration, which is the target element for the production of 60Fe via cosmic rays [4, 5]. The
evidence tends to prefer a supernova-origin consistent with discrepancies in cosmic-ray spectra [12],
with direct detection of cosmic-ray 60Fe [13] and with the existence of the LB.
2
3 The Link to the Local Bubble
The distance of a nearby supernova to produce such a signal on Earth has been estimated between 40 and
130 pc [3, 14]. We have investigated [6] the evolution of the solar environment and linked the formation
of our LB, a region of thin hot gas embedding our solar system, to the 60Fe-peak detected in 2004 in
a pacific crust [3], which was the only data available at the time the study was performed. The most
likely sources to produce an extended structure like the LB (200 pc in the plane, 600 pc towards the north
pole of our galaxy) are multiple stellar explosions. We have traced back in time the trajectories of a
young moving group that passed the solar neighborhood and whose surviving members are now in the
Scorpius-Centaurus association [15]. By analyzing the observed stellar positions and velocities and their
uncertainties we calculated the most probable explosion sites of the perished stars. Using an initial mass
function with a variable-sized binning, we placed one star in each mass interval, thereby determining
the masses of the exploded members. With a mass-age relation for main sequence lifetimes and the
assumption that all stars were born at the same time, the cluster age was inferred from isochrone fitting
[15], thus leading to the individual explosion times of all massive stars.
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Figure 2: Left: Snapshot of the galactic plane 2.2 Myr ago. Two models describe the formation of the LB using a
homogeneous ambient medium with a density of 0.3 ats cm−3. Analytical model: The outer shell of the LB is de-
picted as a gray circle, with individual remnants from single SNe expanding inside until they reach the outer shell.
The surviving members of the exploded stars now belong to two subgroups of the Scorpius-Centaurus association,
Lower Centaurus Crux (LCC, explosion sites as orange triangles) and Upper Centaurus Lupus (brown squares).
Numerical model (blue): 60Fe density distribution in the LB (top bubble) and our neighboring superbubble Loop
I. Darker regions indicate a higher density than brighter structures, the highest amount of 60Fe is distributed in the
outer boundaries. In both models, the supershell of the LB sweeps over the solar system at position (0,0) ∼2 Myr
ago. Right: 60Fe deposited in the ferromanganese crust. The red, dashed line indicates the background of the AMS
measurements. The numerical and analytical models reproduce the measured 60Fe/Fe ratios [3, 4].
Analytical and numerical methods (with homogeneous and inhomogeneous ambient medium) were
used to generate the LB (described in [6]), as well as its neighboring Loop I Superbubble (Fig. 2, left).
Due to the counterpressure of the surrounding medium and the Loop I, the numerical LB remains smaller
than in the analytical model that neglects external forces. The 60Fe-yields ejected during the LB-forming
SNe were taken from several nucleosynthesis models (see [6]). By calculating the fluence of 60Fe –
the number of atoms that reached the crust per cm2 – the link between the LB evolution and the 60Fe-
signature could be established. Fig. 2 (right) shows the final distribution of the isotope in the crust after
exponential decay and compares it to the measured data. In both the analytical and numerical models with
expansion into a homogeneous medium, it is the outer LB shell that carries 60Fe onto Earth at ∼2 Myr
ago. This shell includes debris from 15 SNe, the first exploding 12.6 Myr ago. Subsequently, a remnant
of a 16th single SN sweeps over the solar system 1.4 Myr ago depositing 60Fe. Due to the short lifetime
of 60Fe, only the youngest three SNe exploding at distances between 91 an 106 pc contribute significantly
(62 %) to the terrestrial signature. In the inhomogeneous case, the LB shell arrives at 3.5 Myr ago with
three SNe following at later times producing the signal.
3
4 Outlook
The simulations are able to link multiple nearby SN explosions that formed the LB to the measured
60Fe-signature. However, so far we have reproduced the 2-3 Myr old crustal signal published in 2004
[3]. In future studies we will constrain our model further with the better resolved 60Fe-signal in the
deep-sea sediments from the Indian Ocean and with the 6.5-8.7 Myr old signature. Another long-lived
SN-radionuclide, 26Al, has also been measured in the deep-sea sediments. Due to the large cosmogenic
atmospheric production, the detection of a SN-contribution remains challenging. Parts of the data are
already published [7], a detailed analysis of the whole data set and its comparability to the 60Fe-signal is
in preparation.
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